The syndecans are a family of cell-surface heparan sulphate proteoglycans that regulate cell behaviour by binding extracellular matrix molecules such as growth factors. The syndecan family has four members, of which syndecan-1 is the most studied and best characterized. We have studied the prognostic significance of syndecan-1 expression in squamous cell carcinoma (SCC) of the head and neck treated with surgery and post-operative radiotherapy. Paraffin-embedded tissue samples taken from 175 patients with primary SCC, followed up from 2 to 15 years after surgery, were studied for expression of syndecan-1 by immunohistochemistry. A low number (≤50%, the median value) of syndecan-1-positive tumour cells was associated with low histological grade of differentiation (P < 0.0001), a large primary tumour size (T1-2 vs T3-4, P = 0.02), positive nodal status (N0 vs N1-3, P = 0.0006), and high clinical stage (stage I or II vs III or IV, P < 0.0001). Low syndecan-1 expression was also associated with unfavourable overall survival in a univariate analysis (P = 0.001). In a multivariate survival analysis, the clinical stage and syndecan-1 expression were the only independent prognostic factors. We conclude that syndecan-1 is a novel prognostic factor in SCC of the head and neck treated with surgery and post-operative radiotherapy.
Extracellular matrix (ECM) molecules and growth factors participate in regulation of cellular behaviour by binding to specific cellsurface receptors. Earlier studies have shown that reduced intercellular adhesion, disturbed differentiation and changes in the composition of the basement membrane influence the development of malignant tumours (Weinstein et al, 1976; Liotta et al, 1986) . Heparan sulphate proteoglycans (HSPGs) are macromolecules which are present at the cell surface. They are involved in cellÐcell adhesion and the interaction of cells with ECM (Ruoslahti, 1989) . They are also thought to act as coreceptors for the heparin-binding growth factors (HBGFs), thus participating in regulation of cell behaviour (reviewed by Bernfield et al, 1992) .
Syndecan-1 is a member of a family of cell-surface HSPGs, which consists of at least four members named syndecans 1 to 4 (Bernfield et al, 1992; Jalkanen et al, 1993) . They all have homologous transmembrane and cytoplasmic domains, but their extracellular domains are different (Bernfield et al, 1992; Jalkanen et al, 1983) . Syndecan-1 was originally found on the surface of normal murine mammary gland epithelial cells (Rapraeger and Bernfield, 1993) , and to date it is the most studied member of the syndecan family. Syndecan-1 is suggested to act as a matrix receptor, because it binds to various ECM molecules via its heparan sulphate chains and contacts the cytoskeleton through its cytoplasmic domain (Elenius et al, 1990 ). Components of ECM to which syndecan-1 has been shown to bind include type I, III and V collagen (Koda et al, 1985) , fibronectin (Saunders and Bernfield, 1988) , thrombospondin (Sun et al, 1989) , tenascin , amphoterin and laminin (Salmivirta et al, 1994) . Syndecan-1 also binds the basic fibroblast growth factor (bFGF) .
During organogenesis and tissue formation, the expression of syndecan is strictly regulated and follows morphogenetic rather than histological boundaries and correlates with the reciprocal epithelialÐmesenchymal interactions (Thesleff et al, 1988; Vainio et al, 1989) . In a normal adult, syndecan-1 is mainly expressed in epithelial tissue, where the strongest expression is found in stratified epithelia at the cellÐcell contacts in epidermal keratinocytes (Hayashi et al, 1987; Inki et al, 1991) , which suggests that syndecan-1 is involved in intercellular adhesion of keratinocytes. In keratinocytes, syndecan-1 is localized at the cell surface, predominantly in the suprabasal cell layers, whereas the basal cell layer shows only weak expression. Small amounts of syndecan-1 have been shown to be expressed in fibroblasts and endothelial cells (Kojima et al, 1992) . The role of syndecan in wound healing has also been studied, revealing increased syndecan expression in proliferating and migrating epithelial cells of the epidermis and in hair follicles and some expression on the vascular endothelial cells of granulation tissue proliferation and differentiation, suggesting that syndecan is involved in growth factor regulation Bernfield et al, 1992) .
Expression of syndecan-1 has been found to be decreased in cellular transformation models. The DNA-binding protein encoded by the WilmsÕ tumour-suppressor gene wt 1 has recently been found to function as a transcriptional activator of syndecan-1 expression (Cook et al, 1997) . When syndecan-1 was transfected into S115 mouse mammary tumour cells, the re-expression of syndecan-1 restored the epithelial morphology of the S115 cells (LeppŠ et al, 1992) . Mouse skin exposed to irradiation shows loss of syndecan-1 expression, and expression switches from the granular layer to the basal and lower spinous layers after 2 weeks of daily irradiation (Liu et al, 1997) . Syndecan-1 is found by immunohistochemistry in keratinizing cells of the horn pearls in well-differentiated carcinomas, but in poorly differentiated carcinomas syndecan-1 expression may be lost (Inki et al, 1992) . In premalignant lesions of stratified epithelia, syndecan-1 is lost from the basally located, atypical cell layers (Inki et al, 1991) . Loss of syndecan-1 from transformed cells could be one mechanism by which tumour cells lose their attachment to each other and to the ECM and become non-responsive to the signals coming from their microenvironment (Inki et al, 1994a) .
There are few data available on the prognostic value of syndecan expression in human cancer. The two pilot studies involving 29 and 89 invasive SCC head and neck carcinomas have suggested that reduced syndecan-1 expression is associated with poor survival in SCC of the head and neck (Inki et al, 1994b; Pulkkinen et al, 1997) , but to the best of our knowledge syndecan-1 expression has not been shown to have independent prognostic value in any type of human cancer, including cancer of the head and neck. In the present study, we investigated syndecan-1 expression with 2 syndecan-1 antibodies against human syndecan-1 in a homogeneously treated series of 175 patients with squamous cell head and neck carcinoma with a minimum follow-up of 2 years and found syndecan-1 expression to have prognostic value that was independent of clinical stage and histological grade.
MATERIALS AND METHODS

Patients
We collected the clinical data on 265 patients with histologically diagnosed SCC of the head and neck who were treated with surgery and post-operative irradiation in Helsinki University Central Hospital during the period from 1975 to 1990. Ninety patients were excluded because of insufficient data or non-available paraffin-embedded tissue. The remaining 175 patients had carcinoma of the larynx (n = 51), the tongue (n = 50), the floor of the mouth (n = 22), the lower gum (n = 22), the tonsil (n = 15) or the hypopharynx (n = 15). The data collected for each patient included age, sex, primary tumour site, tumour size, cervical nodal status, overall TNM stage, histological grade, treatment and cause of death. Of the 175 patients, 21 (12%) had stage 1, 29 (17%) stage II, 81 (46%) stage III and 44 (25%) stage IV cancer, but none had distant metastases at the time of the diagnosis. The study group comprised 126 (72%) male and 49 (28%) female patients. The mean age at the time of the diagnosis was 60 (range 19Ð86). All patients were treated with radical surgery and post-operative splitcourse radiotherapy to a total dose of 66 Gy and a daily fraction size of 2.0Ð2.2 Gy given in five fractions a week for 9 weeks, with a 3-week rest in the middle of the treatment. The minimum followup time of the patients after the diagnosis was 2 years (range 2Ð15 years). The overall 2-year survival rate was 63% and the 5-year survival rate 43%. Staging was done according to the UICC classification (1978, Table 1 ).
Histology
The analysis of syndecan-1 expression was made from formalinfixed and paraffin-embedded tumour samples using immunohistochemistry. Histology of the tumours was reviewed by one pathologist (PH), who graded the tumours according to the WHO classification (Shamugaratnam and Sobin, 1978) , except for 12 samples which were classified as non-keratinizing carcinomas and were not graded.
Immunohistochemistry
Syndecan-1 was studied from paraffin-embedded samples by immunohistochemistry using both a mouse monoclonal antibody against human syndecan-1 (B-B4, Serotec, Oxford, UK) and a specific rat monoclonal antibody 104Ð9 (produced by Dr M JalkanenÕs group) against human syndecan-1-derived peptide (amino acid residues 88Ð110). All 175 samples were successfully stained with the 104Ð9 antibody and 167 slides with the B-B4 antibody (8 slides were excluded because of technical reasons).
Tissue samples were cut into 5-µm sections on Vectabond slides. The slides were kept at +37°C for up to 24 h and then deparaffinized and dehydrated. The avidinÐbiotin immunoperoxidase method was used. Pretreated slides were incubated with 2% normal goat serum in 1% bovine serum albumin (BSA; Sigma, St. Louis, MO, USA) for 20 min at room temperature (RT), followed by B-B4 or 104Ð9 antibody in 0.3% BSA overnight at RT at a concentration of 1:200 (B-B4) or 1:100 (104Ð9). After washing twice with phosphate-buffered saline (PBS), the slides were incubated with Vectastain biotinylated anti-mouse IgG (Vector laboratories, Burlingame, CA, USA) in the case of B-B4 or biotinylated anti-rat IgG in the case of 104Ð9 (Vector laboratories) in 0.3% BSA for 30 min at RT. The slides were then washed twice with PBS, followed by avidin DHÐbiotinylated horseradish peroxidase mixture according to the manufacturerÕs instructions (Vector Laboratories) for 1 h at RT. After incubation, the slides were washed again twice with PBS, and for colour reaction, the slides were incubated with 0.02% 3-amino-9-ethylcarbazole (in N,Ndimethylformamide) and 0.1% hydrogen peroxidase in 0.05 M acetate buffer, pH 5.0 for 20 min at RT, counterstained with haematoxylin and mounted. Histologically normal skin was used as a positive control and stainings without the primary antibody were used as negative controls.
Immunoreactivity of syndecan-1 was assessed visually. First, the percentage of syndecan-1-positive tumour cells was calculated from at least five representative fields per slide (Olympus Optical Company, Tokyo, Japan, ×10 objective, diameter 2.6 mm, area 5.31 mm 2 ). Then, the mean percentage of positive cells per field was calculated. One representative slide was assessed per case. Forty slides in both staining groups were reassessed by two of the investigators (AA and PH) in order to study the inter-observer variability. The inter-observer variability turned out to be low between the two observers. The kappa coefficients were 0.62 (B-B4) and 0.65 (104Ð9), which shows a good agreement between the observers. Assessment of syndecan expression was done blindly without any knowledge of the clinical or survival data.
Statistical analysis
Statistical analyses were done by using a BMDP computer program (BMDP, Statistical software, University of California Press, LA, USA). Cumulative survival was estimated with the product-limit method. The MantelÐCoxÕs test was used for comparison of survival between groups. Frequency tables were analysed with the Chi-square test. The relative importance of prognostic factors was analysed with CoxÕs proportional hazard regression analysis (BMDP 2L). All P-values are 2-tailed.
RESULTS
The median percentage of syndecan-1-expressing cancer cells was 50% when staining was performed with the B-B4 antibody. Only in two cases (1%) were all cancer cells positive for syndecan-1, and only ten (6%) tumours showed entirely negative staining. The results were similar independent of site, and 58%, 49%, and 43% of larynx, tongue and oral cavity carcinomas, respectively, had ²50% of cells that stained positively for syndecan-1.
The percentage of tumour cells positive for syndecan-1 (B-B4) was >50% more often in well-or moderately well-differentiated cancers than in the poorly differentiated ones (P < 0.0001, Table 2 ). A strong (>50%) syndecan-1 expression was also associated with a low stage (P < 0.0001), lack of lymph node metastases (P = 0.0006) and a small primary tumour size (P = 0.02). No association between syndecan-1 expression and preoperative KarnofskyÕs performance status, gender or the width of the surgical resection margin was found (Table 2) .
When the series was stained for syndecan-1 with the 104Ð9 antibody instead of B-B4, in 50 (29%) cases the percentage of syndecan-1-positive tumour cells was 80% or less, in 21 (12%) cases from 81% to 90% of the cells were positive, in 14 (8%) cases almost all cancer cells (about 95%) were positive and in 90 (51%) practically all cancer cells expressed syndecan-1. As, in this staining, in the majority of cases almost all cancer cells were positive for syndecan-1, we chose 80% as the cut-off value because it approximately defined the lowest quartile. Only three (2%) tumours showed entirely negative staining. Examples of staining are shown in Figure 1 .
When the data obtained by 104Ð9 were used in the analyses, low syndecan-1 expression (²80%) was again strongly associated with a low histological grade (P < 0.0001, Table 3 ) and also with the male gender (P = 0.03). However, no association between syndecan-1 expression and the stage (P = 0.63), the nodal status (P = 0.36) or the primary tumour size (P = 0.85) was found (Table 3) .
Association of syndecan-1 expression with survival
Strong (>50%) syndecan-1 expression was associated with favourable overall survival (P = 0.001, B-B4 staining, Figure 2 ). When the percentage of syndecan-1-positive tumour cells was over 50%, the 2-year survival rate was 72% and the 5-year survival rate 56%, whereas, if the percentage of syndecan-1-positive cells was less than 50%, the corresponding rates were only 50% and 32% respectively. A similar result was found when the SCCs of the larynx (the largest single subgroup) were analysed separately: a high (>50%) syndecan-1 expression was associated with favourable overall survival (P = 0.04, Figure 3 ). Among patients with laryngeal cancer, the 2-year survival rate was 81% and the 5-year survival rate 59% if more than 50% of cancer cells stained positively for syndecan-1, but only 48% and 33%, respectively, if ²50% of cells were positive. When the 104Ð9 antibody was used, a strong (>80%) syndecan-1 expression was again associated with favourable overall survival (P = 0.02, Table 4 ). If the percentage of syndecan-1-positive tumour cells was over 80%, the 2-year survival rate was 66% and, if 80% or less, only 47% (Figure 4 ).
Several factors other than syndecan-1 expression were significantly associated with survival in the series in a univariate survival analysis (Table 4) . These included the clinical stage (P = 0.0002), nodal status (P = 0.0009), tumour size (P = 0.0002), KarnofskyÕs performance status (P = 0.006), the width of the surgical margin (P = 0.02) and histological grade (P = 0.05). In a multivariate analysis of the entire series, the clinical stage [relative risk (RR) 2.1, 95% confidence interval (CI) 1.2Ð3.8], expression of syndecan-1 (B-B4) (RR 1.9, 95% CI 1.2Ð3.1) and possibly the width of the surgical margin (RR 1.5, 95% CI 1.0Ð2.4) had independent prognostic value influencing overall survival (Table 5) . When we entered only the SCCs of the larynx into the model, strong syndecan-1 expression and the width of the surgical margin turned out to be the only independent factors influencing survival.
The results remained essentially similar when staining with 104Ð9 was used instead of B-B4 staining in a multivariate analysis. The clinical stage (RR 2.6, 95% CI 1.5Ð4.4) and expression of syndecan-1 (RR 1.7, 95% CI 1.1Ð2.6) turned out to be the only independent prognostic factors.
DISCUSSION
In the present study, we investigated the association of syndecan-1 expression with prognosis in SCC of the head and neck. The series consisted of 175 patients diagnosed with SCC of the head and neck and treated in a uniform fashion, and syndecan-1 expression was assessed using both a specific mouse anti-human antibody B-B4 and a rat monoclonal antibody 104Ð9 against human syndecan-1 by immunohistochemistry. Syndecan-1 expression (B-B4) in more than 50% of cancer cells was associated with favourable outcome in both a univariate and a multivariate survival analysis, and it was also associated with a small primary tumour size, lack of nodal metastases and, in particular, high histological grade of differentiation. The findings were similar in the entire series and in the largest subgroup studied (laryngeal cancer). Moreover, essentially similar results were obtained with the 104Ð9 antibody. The minor difference between the results obtained with these two antibodies can be explained by their recognition epitopes, which for B-B4 is the intact cell surface form of syndecan-1, but in the case of the 104Ð9 antibody, is the core protein only. Earlier, we found a low syndecan-1 expression to be associated with poor survival, in a much smaller series consisting of only 29 patients, using a polyclonal affinity-purified rabbit antibody (anti-P117) that works only in unfixed tissue (Inki et al, 1994b) . Although all these staining data with three different anti-syndecan-1 antibodies support the association between low syndecan-1 expression and poor survival in squamous cell head and neck cancer, it has not been established how the loss of syndecan-1 contributes to poor outcome. Normal tissue and well-differentiated SCCs show stronger syndecan-1 expression than do undifferentiated carcinomas. According to one hypothesis, syndecan-1 expression is diminished during malignant transformation and, therefore, soluble growth factors might reach more easily growth factor receptors located on the plasma membrane, resulting in more sustained stimulation of the cell growth. Cells that have lost syndecan-1 may also be more loosely bound to the extracellular matrix, which may contribute to metastasis formation.
The role of histological grading as a prognostic factor is not settled in head and neck cancer. In some studies, histological grading has been found to have prognostic value (Pera et al, 1986; Wiernik et al, 1991) , while some others disagree (Bundgaard et al, 1992) . In the present study, a low histological grade of differentiation was only marginally associated with unfavourable overall survival (P = 0.05). Although histological grading is generally considered to be a prognostic factor in head and neck cancer, it is subjective and, therefore, often difficult to reproduce (Bundgaard et al, 1992) . Syndecan-1 expression may be a valuable adjunct to histological grading, because we found a high degree of uniformity in assessment of syndecan-1 expression between the two classifiers, and syndecan-1 expression appears to be associated at least as strongly with prognosis as is histological grading. Reliable methods for assessment of the biological aggressiveness of head and neck cancer are becoming more and more important because there is now evidence that the novel aggressive treatments, such as chemotherapy given concomitantly or alternating with radiotherapy (El-Sayed et al, 1996; Benasso et al, 1997) , or the new radiotherapy fractionation schemes (Horiot et al, 1992) , may result in improved survival.
In conclusion, decreased expression of syndecan-1 is associated with low histological grade of differentiation and poor outcome in SCC of the head and neck treated with surgery and post-operative radiotherapy. In the present series, syndecan-1 expression was the only independent prognostic factor together with the clinical stage. Hence, syndecan-1 expression appears to be a novel prognostic factor in head and neck cancer. Its role as a predictive and prognostic factor in other types of human cancer now need to be explored. 
